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Detection of changes over the long term for a series of hydrological variables is an important and critical issue, which is subject to increasing interest. In this study, trend analysis of the streamflow of the Euphrates basin, which is the biggest basin in Turkey, is carried out. The nonparametric trend tests (Mann-Kendall and Spearman's rho) are applied to annual average, minimum and maximum streamflow data of 22 selected stations in the Euphrates basin. All the streamflow records date back over at least 24 years, with lengths in the range 24-44 years. The Mann-Kendal rank correlation test is used to determine the year in which trends begin. The linear slopes of trends are calculated by using Sen's estimator of slope technique. Based on the test's procedures, with respect to annual minimum streamflow, significant decreasing trends are detected for six stations and an upward trend is found for only one station. While no trend appears relating to annual maximum streamflow for any station, a decreasing trend is found with respect to annual mean streamflow for one station. The results are expected to assist water resources managers and policy makers in making better planning decisions in the Euphrates basin. data at time i Z standard normal test statistic
NOTATION

INTRODUCTION
Observational and historical streamflow data are the most important factors in planning and designing water resource projects. These data have time-dependent characteristics and are affected by many factors such as climatic change and anthropogenic activities. One of the main steps in water resources work is to identify the trends in observed streamflow data and their occurrence in space and time. The detection of a significant trend in streamflow will affect the decisions on water management and policies.
Various streamflow trend studies have been conducted in different parts of world. Burn and Elnur 1 described the development and application of a procedure that identifies trends in hydrological variables. Their study relates to the quantification of trends in hydrological variables and the investigation of the relationship between trends in hydrological variables and the trends in meteorological variables in Canada. Whitfield and Cannon 2 compared hydrological and meteorological data for Canada from two different decades and found the more recent decade to be generally warmer with the occurrence of both increases and decreases in precipitation and streamflow. Trends in flood and low flows in the USA were studied by Douglas et al.
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They found that the cross-correlation of flow records reduces the effective number of samples and low-flow time series exhibit significant temporal persistence. The streamflow trends in the USA have also been studied by Lins and Slack. 4 Table 2 gives the details of the selected streamflow gauging stations and their observation period and precipitation area. As seen in Table 2 , all selected stations have adequate record length for the statistical validity of trend results. All the streamflow records are over a period of at least 24 years, with time periods in the range 24-44 years.
The parts of the Euphrates basin and the location of the selected 22 hydrometric stations in the current study are shown in Fig. 2 , where the selected stations cover the basin almost uniformly.
Trend detection tests
In statistical terms, the purpose of trend analysis is to determine if a series of observations of a random variable is generally increasing or decreasing with time, or whether the probability distribution has changed with time. Several tests are available for the detection and/or quantification of trends such as nonparametric, mixed and parametric. 21 Non-parametric tests are widely used in trend analysis of climatic and hydrological data, which are robust with respect to missing and tied values, 
where n is the number of data, x is the data point at times i and j ( j > i ) and the sign function is given as
The variance of S is computed by
where t i is the number of ties of extent i and m is the number of tied rank groups. For n larger than 10, the standard normal Z test statistic is computed as the Mann-Kendall test statistic as follows
The presence of a statistically significant trend is evaluated using the Z value. In a two-sided test for trend, the null hypothesis H o should be accepted if jZj 4 Z a=2 at the level of significance. A positive S value indicates an 'upward trend' and a negative value indicates a 'downward trend'.
The presence of serial correlation may lead to an erroneous rejection of the null hypothesis. The effect of a serial correlation problem should therefore be taken account in the Mann-Kendall test. The most common approach for removing the serial correlation from a data set is pre-whitening. 1, 9, 28 The pre-whitening approach involves calculating the serial correlation and removing correlation if the calculated serial correlation is significant at the 5% level. Prewhitening is accomplished through
where x Ã i is the pre-whitened series value for time interval i, x i is the original time series value for time interval i and r is the lag-1 serial correlation coefficient estimated after de-trending the original series x. 1, 6, 25, 28 In the current study, the pre-whitening procedure was applied to the data set before executing the tests. 
where Rðx i Þ is the rank of the ith observation x i in the sample of size n. The standard normal distribution is used, the test statistic of 
If jzj > z a at a significance level of a, then the null hypothesis of no trend (in other words, values of observations are identically distributed ) is rejected. 
Mann-
This procedure can be usefully extended to the backward series and u 0 ðtÞ can be obtained. The intersection of u(t) and u 0 ðtÞ curves denotes approximately the beginning of the trend.
2.2.4.
Sen's estimator of slope. If a linear trend is present, the true slope (change per unit time) can be estimated by using a simple non-parametric procedure developed by Sen. 31 The test procedure is given below in detail. 12 The slope estimates of N pairs of data are first computed by
where x j and x k are data values at times j and k ( j > k) respectively. The median of these N values of Q i is Sen's estimator of slope. If there is only one datum in each time period, then N ¼ nðn ÿ 1Þ=2 where n is the number of time periods. If N is odd, then Sen's estimator is computed by
If N is even, then Sen's estimator becomes
The detected value of Q median is tested by a two-sided test at the 100(1 ÿ ) % confidence interval and true slope may be obtained by the non-parametric test.
In the present study, a computer program called TAFW was used to analyse the trend in streamflow. 32 The TAFW was developed by using Borland Delphi programming language.
RESULTS AND DISCUSSION
The application of the binomial distribution to evaluate the field significance of trends can be used. 5, 33 The binomial probability distribution for assessing the field significance of a trend was therefore adopted in this study. The probability of five or more sites showing a downward trend by chance at a significance level of 0 . 05 is 0 . 8% by the binominal distribution. Thus, it was assumed that the detected trends in the region may not be owing to chance alone. The cross-correlation did not therefore influence the test results.
The results of Mann-Kendall and Spearman's rho test applications to annual minimum, maximum and mean streamflow of the selected stations are summarised in Table 3 , which indicates that Mann-Kendall and Spearman's rho tests consistently yield the same result. The upward sign indicates an increasing trend and the downward sign signifies a decreasing trend. Significant trends were more common in minimum streamflow than annual mean streamflow. In annual mean streamflow, a significant decreasing trend is detected only at 2132 station (one of the 22 stations obtained in the present study and previous studies may be owing to handling different periods of data set and different evaluation of the data series. For annual maximum streamflow, none of the stations shows a significant trend. Cigizoglu et al. 16 also did not detect any significant trend for stations handled in their study. The decrease in low flows is especially important for the location of the water treatment facility, the quantity of irrigation and drinking water. The changes in low-flow statistics also affect the minimum water quantity released by dams downstream for sustainable protection of ecological cycles. 16 The beginning years of observed trends are calculated by using the Mann-Kendall rank correlation test and the results are given in Table 4 . The range of the beginning trend years detected is between 1971 and 1994. There are 35 dams used for irrigation and energy production in the Euphrates basin. The greatest dams among these are Keban, Karakaya and Ataturk dams. 34 Although the rivers included in this study have relatively natural flow, it is interesting that the starting years for operation of these dams (1975, 1987 and 1992) are in the period of the beginning years of observed trends . This may be attributed to other factors such as climatological variables including precipitation, temperature and the contentious subject of global warming. Partal and Kahya 35 found a noticeable decrease in the annual mean precipitation in southern Turkey and in some parts of eastern Turkey where the present study was focused. The trends found in streamflow of the Euphrates basin are in general parallel to those detected in precipitation data by the same authors. So, the presence of trends in Turkish streamflow patterns were generally attributed to the decreases in rainfall.
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The Sen's slopes of all trends in streamflow are also presented in Table 4 . The statistically significant slopes are set in bold.
The signs of the slopes are consistent with the results of Mann-Kendall and Spearman's rho tests (Table 3 ). In Figs 3 and 4, the detected trends in annual minimum and mean streamflow are shown on the Euphrates basin map for each part respectively. It can be seen that downward trends are observed in both annual mean and minimum streamflow for the stations of the lower part of the Euphrates basin, which is near the Syrian border. An upward trend is detected in annual minimum streamflow for only one station of the upper Euphrates basin part. Fig. 5 shows the variation of annual minimum streamflow for stations that have significant trends with their long-term mean and their linear trends. The variation of annual mean streamflow for station 2132 is given in Fig. 6 . Figs 5 and 6 display the evidence of this trend in the data. 
CONCLUSIONS
The trends in annual mean, minimum and maximum streamflow of the Euphrates basin, Turkey, have been evaluated by using nonparametric trend tests using at least 24 years' worth of measured data. All non-parametric trend tests applied to hydrological variables in this study yield similar results. Using a 5% significance level, a significant trend is detected in seven stations. While 25% of the stations show a decreasing trend in annual minimum streamflow, no significant trends are found in annual maximum streamflow for any station selected for analysis. An upward trend is found in annual minimum streamflow for only one station, whereas decreasing trends are found in annual mean streamflow for only one station. The results are expected to assist water resources managers and policy makers in making better planning decisions in the Euphrates basin.
The trends observed in the streamflow regime in the Euphrates basin need to be analysed in terms of climatic and anthropological effects in order to be better understood. These factors are therefore expected to be the focus of future work. 
